The preparation and characterisation of a series of mono-, bis-and tris-ligated rhodium(I) complexes of Glorius' conformationally rigid bioxazoline derived N-heterocyclic carbene ligand IBioxMe 4 are described. (3) were each isolated by careful choice of the reaction conditions. Further substitution and salt metathesis reactions of 1 -3 were investigated and derivatives containing CO, norbornadiene and cyclopentadienyl ancillary ligands were readily isolated.
Introduction
With generally stronger σ-donating characteristics and orthogonal steric profiles to phosphine ligands, Nheterocyclic carbenes (NHCs) have quickly emerged as a powerful class of carbon-based ligand in organometallic chemistry and catalysis.
1 While in the majority of applications spectator roles are intended, intramolecular C(sp 3 )-H bond activation reactions of coordinated NHC ligands are increasingly being observed when partnered with reactive late transition metal fragments. 2 Examples include activation of the N-aryl and alkyl substituents of common NHC ligands: 1,3-diisopropyl-4,5-dimethylimidazol-2-ylidene (I i Pr 2 Me 2 ), 1,3-bis-tert-butylimidazol-2-ylidene (I t Bu), 1,3-bis-mesitylimidazol-2-ylidene (IMes), and 1,3-bis(2,6-diisopropylphenyl)-imidazol-2-ylidene (IPr), amongst others (Chart 1). 3, 4, 5, 6, 7 The IMes ligand has even been shown to support double cyclometalation 8 and subsequent reactivity of NHC-based metallocycles can lead to alkyl dehydrogenation. 6a,7,9 However, although cyclometalation reactions are of interest in their own right, 10 they can represent unwanted and potentially detrimental reactivity characteristics of NHC based metal complexes.
Chart 1: Cyclometalated NHC topologies.
Scheme 1: Hypothesised reactivity modulation.
Recognising that substituent flexibility, particularly rotation about N-aryl/alkyl bonds, is a key prerequisite for cyclometalation reactions of NHC ligands, conformationally rigid analogues were targeted as a means to attenuate such reactivity, whilst retaining the desirable electronic and steric properties of the ligand class.
With such features in mind, bioxazoline-derived NHC ligands (IBiox) developed by Glorius and co-workers were identified from the literature. 11 , 12 IBiox ligands are particularly notable for their application in palladium catalysed cross coupling reactions, although their coordination chemistry has not been widely explored. Given the structural similarity with I i Pr 2 Me 2 and I t Bu, the tetramethyl-substituted IBiox ligand, processes observed by Nolan and others in rhodium complexes of I t Bu, 3,4 the coordination chemistry of IBioxMe 4 with rhodium was targeted and a range of mono-, bis-and tris-ligated derivatives are reported herein. Some aspects of this chemistry were published as a communication (i.e. tris-NHC complexes 11 and 12).
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Results and discussion
Synthesis of free carbene
The target imidazolium pro-ligand IBioxMe 4 .HOTf was synthesised in four steps, from commercially available 2-amino-2-methyl-propanol and diethyloxalate, as previously described by Glorius and coworkers. 11 The corresponding free carbene ligand was readily formed by reaction of the pro-ligand with the strong hindered base K[N(SiMe 3 ) 2 ] in THF (Scheme 2). 13 In this manner IBioxMe 4 was isolated in 80% yield, following removal of volatiles in vacuo and extraction with pentane, and stored under argon in a glove box. were determined by X-ray crystallography (Figure 1 ) and corroborated in solution by NMR spectroscopy.
Both complexes adopt the expected square planar geometries, although for 2 (with two crystallographically independent, but structurally similar complexes) there is a significant degree of distortion: the C11-Rh1-C26 angle deviating from linearity (167.49 (7) Complex 3 is observed during the decomposition; however, the other species involved have eluded identification so far.
Coordination chemistry of 1 -3
Seeking to further explore the coordination chemistry of these rhodium(I) IBioxMe 4 (Table 1) . 22 In particular, these complexes allow the determination of the 33 .8 25 a Tolman electronic parameter calculated from regression using the average ν(CO) value. 22 b Calculated using SambVca (sphere radius = 3.5, distance from centre of sphere = 2.0, mesh spacing = 0.5, hydrogens omitted, bondi radii scaled by 1.17). Targeting the preparation of a low-coordinate bis-NHC complex derivative, 2 was reacted with the halide abstracting agent Na[BAr Subsequent to the NMR characterisation, a relatively low quality solid-state structure of 9 was determined, containing two crystallographically independent, but structurally similar molecules (Z' = 2); one of which is shown in Figure 3 . The refined structure unambiguously confirms coordination of the COE and IBioxMe 4 ligands, with 9 adopting an overall T-shaped coordination geometry. The complex is stabilised by an agostic interaction with the COE ligand; a feature that is much more pronounced in one of the independent molecules (Rh1···C4 = 2.56(2) Å) than the other (Rh1A···C4A = 2.94(2) Å). Notably, the methyl substituents of the IBioxMe 4 ligand remain distant from the metal centre, with the closest approaches having Rh···C distances of 3.67(4) and 3.18(3) Å in the independent molecules (containing Rh1 and Rh1A, respectively).
[ Encouraged by the formation of 9 from 2, reaction of tris-NHC complex 3 with Na[BAr Figure 4 ). Complex 11 can also be prepared as previously described using a high yielding one-pot procedure involving reaction between [Rh(COE) 2 Cl] 2 and IBioxMe 4 in difluorobenzene, using Na[BAr F 4 ] as a halide abstractor (83% isolated yield). 13 In contrast to 9, the tris-NHC complex was found to be completely stable in CD 2 Cl 2 and difluorobenzene solution at room temperature (over 48 hours under argon). This increased stability is readily accounted for by the stronger donor characteristics of IBioxMe 4 in comparison to COE and confirmed by rapid COE substitution by
IBioxMe 4 on addition of the NHC to 9, forming 11 quantitatively by 1 H NMR spectroscopy (Scheme 7). 
)}] adopts intermolecular σ-C-H bond
interactions between individual complexes in the absence of accessible alkyl groups. 40 In the case of 11, however, there is no evidence for any significant agostic interactions between the NHC ligands and the metal centre in both solution (highly fluxional at 298 K) and the solid-state (Rh···C distances for the methyl substituents > 3.1 Å). 13 Thus, the rigid geometry of the IBioxMe 4 ligand appears to prohibit any significant interaction of the methyl substituents in both 9 and 11. (11). Although 9 exhibits low solution stability, readily losing COE at room temperature, 11 shows excellent stability. Using these complexes as pertinent examples, the rigid geometry of the IBioxMe 4 ligand appears to preclude interaction of the metal centre with the ligand's alkyl appendages as hypothesised. The large steric profile of IBioxMe 4 (%V bur = 32.0) also leads to interesting tilted NHC coordination geometries (2, 9 and 11). The electronic structure and additional reactivity of these complexes is currently being investigated together with that of iridium analogues. These results will be reported in due course.
Experimental

General experimental methods
All manipulations were performed under an atmosphere of argon, using Schlenk and glove box techniques.
Glassware was oven dried at 130ºC overnight and flamed under vacuum prior to use. Anhydrous C 6 H 6 , CH 2 Cl 2 , heptane and pentane (<0.005 % H 2 O) were purchased from ACROS or Aldrich and freeze-pumpthaw degassed three times before being placed under argon. C 6 D 6 , CD 2 Cl 2 and 1,2-difluorobenzene (C 6 H 4 F 2 )
were dried over CaH 2 , vacuum distilled and the latter stored over thoroughly vacuum dried 3 Å molecular sieves. Norbornadiene (NBD) was dried over Na, vacuum distilled and stored over thoroughly vacuum dried 3 Å molecular sieves. IBioxMe 4 Stephan Boyer at London Metropolitan University.
Synthesis of new compounds
IBioxMe 4
Prepared from IBioxMe 4 .HOTf as described in an earlier communication. In an inert atmosphere glove box, cold C 6 H 4 F 2 (1.5 mL, -20ºC) was added to a mixture of 2 (0.060 g, 0.090 mmol) and Na[BAr To a mixture of 3 (0.100 g, 0.131 mmol) and Na[BAr Details of this alternative procedure and NMR data were reported earlier. 
Supporting information
Experimental details for NMR scale reactions, selected NMR spectra of 1 -10, crystallographic data and the 
